Recent studies on growth factors in microorganisms have contributed much to our general knowledge of nutrition and have provided a basis for devising quantitative microbiological assays for vitamins occurring in both plant and animal materials. Deficiencies of special growth factors for yeasts, molds and bacteria have received much attention recently, but the synthesis of vitamins by these non-green plants, of equally great significance, has not been extensively investigated.
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The extent to which bacteria living normally in the alimentary tract of an animal may synthesize growth factors and contribute directly to the vitamin requirements of the animal constitutes a problem of some importance. The present paper represents an attempt to determine the approximate amounts of certain B vitamins produced by species of intestinal bacteria grown as pure cultures in a chemically defined medium.
Synthesis of vitamins has already been reported for a considerable number of bacteria. Snell and Strong' demonstrated synthesis of riboflavin by lactic acid bacteria. Silverman and Werkman2 showed that certain propionic acid bacteria make thiamine or its intermediates. Some strains of dysentery bacilli3 are able to form thiamine, and also Coenzyme I or II, riboflavin and perhaps biotin. It has been reported that a strain of diphtherial organisms4 can make thiamine, Coenzyme I or II and riboflavin.
The evidence obtained by several investigators indicates that bacteria normally living in the rumina of herbivores, such as sheep and cattle, produce considerable quantities of vitamins. Thus it has been found that the common Bacillus vulgatus living in the intestines of herbivores is capable of synthesizing thiamine., Recently it has been shown6 that considerable amounts of riboflavin, pyridoxine and the antihemorrhagic vitamin are formed in the rumina of sheep and cows fed on diets low in these vitamins, and the source of the vitamins is assumed to be commensal micro6rganisms. Almquist, et Proteus vulgaris appears unable to synthesize nicotinic acid and B. mesentericus is deficient in biotin. It was found necessary, therefore, to add the deficient vitamin to the basal medium for these species in order to obtain growth so that tests could be made for the other vitamins which might be synthesized.
The methods used in assaying for riboflavin, biotin and nicotinic acid involved the use of Lactobacillus casei 6, Saccharomyces cerevisiae F. B. and Lactobacillus arabinosus as ifidicators in microbiological tests described by Williams and others.8 Thiamine activity was tested by the Phycomyces assay method.9 Growth of the bacteria to be tested was measured with a turbidimeter, and the fresh weight of the cells in each culture was calculated by reference to standard fresh weight turbidity graphs prepared for all the species studied. At the end of the growth period, all cultures were acidified with sufficient concentrated H2SO4 to make the liquid approximately 1 N. The acidified cultures were autoclaved at 15 lb. pressure for 30 minutes to effect hydrolysis of the cells. The samples were cooled, brought to pH 5.0 with NaOH and diluted to standard volume. The amounts of the solutions to be used in making the tests were determined by preliminary trials, and As indicated in table 1, the cultures which had grown at 36°C. for 48 hours showed a higher content of the four vitamins per ml. of fluid than did the inoculated medium in which growth was inhibited by low temperature. The results are taken to mean that under the conditions of the experiment these species of bacteria synthesize B vitamins in greater amounts than are used in their metabolism, and the residues accumulate in the cultures. The biotin, nicotinic acid, riboflavin and thiamine accumulated by the growing organisms were calculated as gamma per gram of fresh bacterial cells. These data are shown in table 2. The quantity of biotin was much lower than the other growth factors found in the cultures. It is generally known, of course, that biotin exhibits biological activity in exceedingly small amounts. What the influence of different cultural conditions might be upon production of vitamins by bacteria would be worth further study.
An important question is how much of the total growth factors produced may be liberated from the cells into their environment. The few tests which have been made on filtrates and whole cultures of E. coli and B. aerogenes indicate that from 1 to 15% of the total biotin and nicotinic acid present in 48-hour cultures may occur outside the cells, while somewhat larger portions of the riboflavin and thiamine appear to be leached from the bacteria. In this paper are presented some applications to the phenomena of brightness discrimination and absolute threshold measurements of a theory based partly on the familiar differential equation proposed by Hecht2 to account for some of the phenomena of the sensory process. A generalized form of this equation is where, for vision, I represents the intensity of the exciting light, x the concentration of photoproducts broken down from the original concentration ao of the light-sensitive substance, t represents time, m4 and ni are integral exponents indicating the order of the reactions and kit and k2j are dimen-VOL. 28, 1942 
